Differentiated epithelial cells in contactinhibited monolayers derived from adult rat liver have been transformed in vitro into epithelioid neoplastic cells under conditions of nutritional stress. The transformed cells maintain their differentiated quality and manufacture serum proteins. They differ from control cultures in the following properties: They are aneuploid, can be agglutinated by wheat-germ Transformation of mammalian cells in vitro to forms that have lost contact inhibition and have acquired other properties associated with malignancy has been described (1-7). Such transformation has required action by carcinogenic agents like x-rays, neoplastic viruses, and chemical carcinogens (1-7). Moreover, the transformation has only been described for fibroblasts or fibroblast-like cells*.JIn the present paper, transformation by nutritional stress alone is described for a culture of differentiated rat epithelial cells.
Transformation of mammalian cells in vitro to forms that have lost contact inhibition and have acquired other properties associated with malignancy has been described (1) (2) (3) (4) (5) (6) (7) . Such transformation has required action by carcinogenic agents like x-rays, neoplastic viruses, and chemical carcinogens (1) (2) (3) (4) (5) (6) (7) . Moreover, the transformation has only been described for fibroblasts or fibroblast-like cells*.JIn the present paper, transformation by nutritional stress alone is described for a culture of differentiated rat epithelial cells.
MATERIALS AND METHODS
A cloned line of differentiated epithelial-like cells that are cuboidal was established from normal liver of a 3-month-old buffalo rat (8) . The fresh tissue was minced and dissociated progressively at 370 with 0.1% trypsin, 0.1% collagenase, and 1% chick serum in Hank's salt solution that is free of Ca and Mg (Grand Island Biological Labs). After dissociation and removal of the trypsin solution by centrifugation, the cells were resuspended in F12 medium, supplemented with double the concentration of amino acids, 5% fetal-calf serum, and 1% antibiotic-antimycotic solution. 105 cells were plated per 100-mm petri dish (Falcon Plastics) with 10 ml of medium and were incubated in a humidified incubator at 36.5°and 5% C02 in air. The medium was changed three times a week. Within 20 days, the cells grew into clones. In order to obtain a homogeneous cell population of epithelial cells, free from spindle-shaped fibroblast-like cells, three consecutive clones were isolated (9) ; the supplemented F12 medium was used.
After the third isolation, the clone of hepatocytes was grown into mass cultures (Fig. 1) . Large populations were frozen in liquid nitrogen to make available an adequate supply of cells at the early stages of culture. The cells of the cloned hepatocyte line have been karyotyped as diploidt, and grew in contact-inhibited monolayers (10) . Their generation time is 28 hr (9) . Cells of the cloned hepatocyte line are differentiated, as indicated by their synthesis and secretion of serum proteins. The serum proteins were determined by radioimmunoelectrophoresis (11) . Confluent cultures were incubated with I4C]leucine (5 ,Ci/ml; New England Nuclear Corp.) in medium without serum for 24 hr. The medium was removed and after dialysis and lyophilization, electrophoresis was performed for 1.5 hr at 6 V/cm in veronal buffer (pH 7). Antiwhole rat serum was added and allowed to diffuse overnight. The slide was washed, dried, exposed to Kodak Royal Pan, and developed in Kodak D 19. It showed precipitin arcs of serum components that have reacted with the anti-rat antibody.
When confluent cells derived from rat kidney, lung, and heart were incubated for 24 hr in medium without serum, no serum proteins were found in the medium, as determined by acrylamide gel electrophoresis (12) . Medium removed from confluent hepatocyte cultures did show bands that were stained with Coommassie blue and corresponded to bands present in the gels containing serum. Electrophoresis was performed in 7.5% gels, at 0.5 A/gel for 4 hr in Tris * HCl buffer (pH 8.9).
By the same methods used for culturing hepatocytes, a cloned hepatoma cell line was developed (8) from the Morris heptoma no. H5123 that is transplantable in buffalo rats (13) . The hepatoma cells are aneuploid with an 18-hr generation time; they are not inhibited by contact with one another, and do not manufacture serum proteins (Fig. 2) .
All cells were harvested from subculture with 0.1% trypsin and were grown in Dulbecco's modified Eagle's medium, supplemented with 5% fetal-calf serum and 1% antibioticantimycotic solution. 5 X 105 Cells were seeded in 60-mm petri dishes (Falcon Plastics) in 4 ml of medium and were incubated at 36.50 and 5% CO2 in air. The medium was changed three times a week, unless stated otherwise.
The liver epithelial cells used in the transformation experiments had been continuously subcultured for 18 months after the establishment of the cloned line. The cells were always trypsinized and harvested when they reached a density of about 106 in the 60-mm petri dishes so that they were never subject to crowded conditions. Experimental and control cells were seeded in the usual manner (8) into 60-mm petri dishes. Whenever the density of cells in control dishes reached 106 per plate, the medium was replaced by 8 ml of fresh medium. In the experimental plates, however, after the initial addition of the 8 ml of fresh medium, the. medium was changed at 21-day intervals. Cell surfaces were agglutinated by concanavalin A and wheat-germ agglutinin (15) .
RESULTS
After 10 consecutive days in culture without feeding, the cells appeared as a tightly packed monolayer in which no more mitosis was observed. However, within 30-40 days after the beginning of the experiment, isolated loci of refractile cells that went into mitosis and began to form a second layer in a restricted region appeared in 45 of the 50 experimental plates. No such loci were observed in the controls. The cells that developed on top of the flat, crowded epithelial monolayer remained epitheliold, and upon replication gave rise to progeny cells that lacked the neat cuboidal structure of the liver epithelial cells, and appeared larger and irregularly oriented (Fig. 3) . After 2-3 days, the refractile cells replicated rapidly, extending over the monolayer to wider areas of the plate. 5-7 Days after the initial appearance of the morphologically transformed cells, the whole petri dish was covered by a multilayer of cells (Fig. 4) . This experiment was performed three times with similar results.
The medium removed from the experimental plates failed to support growth of hepatocytes that were seeded in it at densities of 5 
